Abstract
Introduction
device for measuring food texture should be equipped with these three parts. We 1 developed a device that satisfies these three aspects ( The probe we used was a stainless steel screw with a conical tip. The probe was 8 30 mm long, with 5 mm diameter. The probe's tip angle was 30
• . The piezoelectric 9 sensor was a 3-mm-thick discoidal-type unit with 10 mm diameter (Fuji Ceram-
10
ics Corp., Fuji, Japan). In addition, a 0.4-mm-thick piezoelectric film of 20 mm 11 diameter was tested. This type is widely used for sounding buzzers. The discoidal 12 piezoelectric sensor was bonded directly to a 14-mm-diameter aluminum piston 13 with epoxy adhesive. Figure 1 shows that the piston was housed in a brass cylin- 
4
where |V i | is the absolute amplitude of each data point in volts and T is the data 5 length in seconds. 
Characterization of the Device and Results

7
The brass cylinder with low-viscosity silicone oil allowed smooth movement of to move over a distance of 30 mm, which was sufficiently long to accommodate 12 insertion of the probe into the food sample.
13
Frequency responses of the piezoelectric sensors were measured as shown in Fig. 3 . Hz.
6
Resonances of the probe should be higher than 20 kHz because our frequency of 7 interest was the full audio frequency range (up to 20 kHz). We designed the probe 8 so that the lowest resonance frequency was much higher than the observation fre-9 quency range, as described in Fig. 4 . We estimated the lowest resonance frequency 10 of the probe of various diameters by assuming, for convenience, that the probe was 11 cylindrical, but it was actually conical at the tip (Fig. 5 ). The following standard for-12 mula for the lateral mode was used to estimate the lowest resonance of the probes
13
(Rao, 1990).
In that equation, ω represents the angular frequency, E is the Young's modulus, I
16 is the area moment of inertia, ρ is the density, A is the cross sectional area, and l 17 is the length. The factor βl was 1.875 for the fixed-free boundary condition (Rao, 18 1990). We used parameters ρ = 7.9 × 10 3 kg m −3 and E = 2.0 × 10 11 Pa for steel.
19
For the 5-mm-thick and 30-mm-long probe, the estimated resonance was calcu- has good sensitivity and a response over a wide frequency range. The dynamic 22 range of the piezoelectric sensor covered the full audio frequency range (Fig. 3a) .
23
The frequency range of the sound for crisp products was reported to be up to some an air-driven pump.
10
Signals obtained with our device contain information related to the food texture.
11
The signals resembled those of mastication sound data taken by others ( are non-periodic. We developed the octave multi-filter to overcome such problems 4 (Fig. 2) . This is also an analysis method in the frequency domain.
5
One problem of our device is the piezoelectric sensor's detection range. Figure 3 6 (a) shows that the discoidal type sensor covers the full audio frequency range in 7 the high frequency region, but small fluctuations are apparent below 1 kHz. For the 8 piezoelectric film, the frequency response was better than that of discoidal type 9 in the low-frequency region (Fig. 3b) . However, this type was not good in the 10 high-frequency region above 6 kHz because of its resonances. Therefore, future 11 efforts should be made to obtain a good response for the discoidal type sensor in 12 the low-frequency region. This might be achieved through the use of a multilayered 13 piezoelectric sensor. We also noticed that the frequency response of the piezoelec- The octave multi-filter developed using the LabVIEW program. Frequency 10 bands were up to 25.6 kHz, as determined by an octave scale to cover the full 11 audio frequency range. 
